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Abstract 

miR-122 is a liver-rich-specific microRNA tliat plays an important role in hepatic gene expression via post-transcription 
regulation, and it is potentially associated with the development of hepatocellular carcinoma. It has been confirmed that 
miR-122 is down-regulated during HBV infection; however, how HBV affects miR-122 is still debated. One research provided 
evidence that HBx could reduce the miR-122 transcription level, but the other insisted that HBV had no significant effect on 
miR-122 transcription level but reduce miR-122 level via binding and sequestering endogenous miR-122. It is determinate 
that Gld2 could increase the specific miRNA stabilization by monoadenylation which was a post-transcription regulation. In 
this study, we aimed to investigate the mechanism of HBV-induced reduction of miR-122 and examine whether Gld2 is 
involved in it. According to the results of a microRNA microarray, we found miR-122 was the most down-regulated 
microRNA in HepG2.2.15 compared to HepG2. As revealed by qRT-PCR and western blotting analyses, both miR-122 and 
Gld2 levels were reduced in hepatic cell lines with expression of HBV or HBx but not other proteins of HBV, and over- 
expression of Gld2 could abolish the effect of HBV and HBx on the miR-122 level. What's more, both HBV and HBx have no 
significant effect on pre-miR-122 levels. And the dual-luciferase assay implicated that HBx could reduce the Gld2 promoter 
activity but had no significant effect on miR-122 promoter activity. In conclusion, HBx is a critical protein derived from HBV, 
which regulates miR-122 via down-regulating Gld2. 
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introduction 

MiR-122, a liver-specific microRNA (miRNA), constitutes more 
than 70% of the total miRNAs in adult human liver and regulates 
gene translation via binding to the 3' -untranslated region (3'- 
UTR) of its target messenger RNA (mRNA) [1,2]. It has been 
reported that miR-122 is very important for maintaining liver 
function, such as the regulation of cholesterol and fatty-acid 
metabolism [3-5]. Several miR-122 target genes, which contribute 
to tumour-genesis, have been identified, such as ADAM 10, 
IGFIR, CCNGl, Bcl-co, and ADAM17 [6-8], and low miR-122 
levels are associated with hepatocellular carcinoma (HOC) [9], for 
example, miR-122 level was frequendy reduced in HOC tissue 
compared to non-tumour tissue, low miR-122 was also correlated 
with poor prognosis [10,11], and over-expression of miR-122 
inhibited tumour cell growth [12]. Taken together, these findings 
indicated that miR-122 is functioning as a tumour suppressor 
gene. Recent studies showed miR-122 not only regulates cellular 
gene expression, but also plays an important role in virus 
replication. Hepatitis C virus (HCV) replication was enhanced 
by miR-122 by interacting with 5'-NCR [13,14], In contrast, 
miR-122 was found to inhibit hepatitis B virus (HBV) replication 
[15]. Furthermore, in chronic HBV infection patients, miR-122 
was negatively correlated with intra-hepatic viral load and hepatic 
necro-inflammation [16]. Until now, there are two dilTerent 



explanations for the mechanism of HBV-related miR-122 down- 
regulation. One hypothesis is that the highly redundant HBV 
transcripts are involved in HBV-mediated miR-122 suppression by 
binding and sequestering endogenous niiR-122, and in this 
process, the transcription level of miR-122 is not affected directiy 
[17]; while the other is that hepatitis B virus X protein (HBx) binds 
PPARy (peroxisome proliferator-activated receptor gamma) and 
results the inhibition of the miR-122 transcription level [18] which 
is in conflict with the former. Hence, more experimental evidence 
is needed to explore the mechanism of HBV-related inhibition of 
miR-122. 

Germline development 2 (Gld2, also called PAPD4) is a 
cytoplasmic poly(A) RNA polymerase that adds successive AMP 
monomers to the 3 '-end of specific RNAs, thereby forming a 
poly(A) tail, and controls mRNA translation [19]. Gld2 enzymes 
acquire substrate specificity by interacting with RNA-binding 
proteins and are recruited to only a subset of mRNAs [20]. 
Previous studies have mostly focused on the effect of Gld2 on 
mRNA. Recently, Joel D. et al. demonstrated that Gld2 could 
increase specific miRNA stabilisation via monoadenylation in 
human fibroblasts, and specifically, miR-122 could be stabilized by 
Gld2 [21,22]. A previous study performed in Japan [23] also 
demonstrated significantiy lower levels of miR-122 in the livers of 
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Figure 1. miR-122 is down-regulated by HBV in hepatic cells. (A) mlRNA expression heat map depicting differentially expressed mlRNAs 
(p<0.05) in HepG2 and HepG2.2.15 cells. (B) A total of 151 mlRNAs were down-regulated in HepG2.2.15 compared to HepG2 cells (p<0.05). (C) qRT- 
PCR analysis of miR-122 in HepG2 and HepG2.2.15 cells. (D) qRT-PCR analysis of miR-122 in QSG7701, HepG2, and Huh7 cells transiently transfected 
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with pHBVl.3 for 72 h and the corresponding controls. (E) HepG2.2.15 cells and three different hepatic cell lines transiently transfected with pHBV1.3 
were cultured for 72 h; HBV DNA in the supernatants was detected using qRT-PCR with HBV-specific primers. The data represent the mean ± SD. 
(*p<0.05, **p<0.01, ***p<0.001). 
doi:l 0.1 371/journal.pone.0092998.g001 



Gld2-null mice. These two studies indicated that GId2 could 
regulate microRNA expression at the post-transcription level. 

Here, we studied the effect of HBV on the expression of miR- 
122 in vitro. Interestingly, we found that HBV reduced miR-122 
levels by down-regulating the Gld2 gene, which might represent a 
new mechanism for regulating the expression of miRNAs by HBV. 
In addition, we confirmed that the HBx protein plays a critical role 
in down-regulating Gld2 protein and subsequently results in a 
reduction in miR-122 levels. 

Materials and Methods 

Plasmid constructions 

The Gld2-expressing plasmid was cloned by PGR from human 
cDNA (the reverse transcription product from human hepatic cell 
line QSG7701) using the following primers: 5'-CGAAGCT- 
TATGTTCCGAAACTCAATTTT -3' (sense) and 5'- 
TAGGGCCCTTATCTTTTCAGGACAGCAG -3' (antisense). 
pcDNA3.1 (pcDNA) was used as the expression vector. The 
expression plasmid was named pGld2. 

The expression plasmids for the four proteins of HBV (HBx 
protein, surface antigen (HBsAg), core protein (HBcAg), and DNA 
polymerase protein (HBp)) were c:loned using PGR from 
pHBVl.3, which was kindly presented by Doctor Songdong 
Meng from the Chinese Academy of Sciences (CAS) [17]. The 
pcDNA3. 1 (pcDNA) was also used as the expression vector. The 
four plasmids were named pHBx, pHBs, pHBc, and pHBp, 
respectively. 

We designed siRNA targeting HBx mRNAs according to the 
GenScript siRNA Target Finder (https:/ /www.genscript.com/ssl- 
bin/app/rnai). The sense and antisense oligonucleotides, which 
constituted the template for generating the siRNAs, were 
subcloned into the pRNAT-U6.1/Neovector with the U6-RNA 
promoter between the Hindlll and BamHI restriction sites. The 
last sequences selected for gene silencing in our study were 5'- 
TTCAGCTCTGCACGTTGGA-3' (sense) and 5'-TGGAAC 
GTGCAGAGGTGAA-3' (antisense). The HBx siRNA-expressing 
plasmids were named psiHBx. 

The miR-122 and Gld2 promoter reporter plasmids were 
cloned using PGR from human genomic DNA with the following 
primers: miR-122 promoter: 5'-CGATAGGCGTGAATG- 
CATGGTTAAG-3' (sense) and 5'-TGATCTCGAGCCT CCC- 
GTGATTTGT-3' (antisense); and Gld2 promoter: 5'-GA- 
TAGGGGTTTT TGAGAGAAAGTGTTGGT-3' (sense) and 
5'-GAGGTGGAGAGGGGGGCTAT GAGCGGTTT-3' (anti- 
sense). The miR-122 promoter sequences were 661 bps, which 
contained human miR-122 gene sequences that spanned the 
region between -496 and +165 bp [24]. The Gld2 promoter 
sequences in this study were 644 bps, which were the forward 
sequences of the transcription initiation site (TSS) of the Gld2 gene 
(between -142 and -785) and were designed based on the 
published sequence of Gld2 (GenBank accession no. BC026061.1). 
Both of the promoter sequences were inserted into the MIuI and 
Xhol sites of the pGL3-Basic Luciferase Reporter Vector, which is 
a firefly luciferase (FL) expression vector. The two promoter 
reporter plasmids were named pl22-luc and pGld2-luc. These 
plasmids were validated by sequencing. 



Cell culture and transfection 

HepG2, HepG2.2.15, Huh-7, and QSG7701 cell lines were 
cultured with Dulbecco's modified Eagle's medium (DMEM) 

supplemented with 10% foetal bovine serum (FBS) and 1% 
penicillin/ streptomycin. The cells were maintained in a humid- 
ified incubator at 37' G with 5"/!) GO2. Twenty-four hours prior to 
transfection, the cells were seeded into 6-well plates in antibiotic- 
free growth medium at a density of 3x10^ cells/well. After 
reaching 80% confluency, the cells were transfected with vectors 
using Lipofectamine 2000 according to the manufacturer's 
instructions. The growth medium was changed after 4 h, and 
the total cellular RNA or protein was isolated for the next 
experiment. 

MicroRNA microarray and real-time PGR 

Isolation of the total cellular RNA was performed using TRIzol 
reagent. Affymetrix microRNA 2.0 array was used to perform the 
microRNA gene microarray. Complementary DNA was synthe- 
sised from total RNA (both mRNA and microRNA) using the 
TaKaRa One step PrimeScript miRNA cDNA Synthesis Kit 
(Perfect Real Time) according to the manufacturer's instructions. 
To quantify the target mRNA or miRNAs, Quantitati\ (; real-time 
polymerase chain reaction (qRT-PGR) was performed using the 
ABI 7500 Real-Time PGR System widi Takara SYBR_Premix Ex 
TaqTM II (Perfect Real Time) according to the manufacturer's 
instructions. The forward primers of each target mRNA or 
miRNA are described as follows: P-actin: 5'-CCAAGTGGGAC- 
GAGAT-3' (sense) and 5'-AGGGTGGATAGG AAGG-3'(anti- 
sense); HBx: 5'-TGTGTGGGTTCTGATGTGG-3' (sense) and 
5'-TGG GTGGTTGAGATTGGTG-3' (antisense); Gld2: 5'- 
TTCGTCCGTTAGTGCTG G-3' (sense) and 5'-GGGATG- 
GAAGGATGGGTT-3' (antisense); U6: 5'-CGCTTCGG CAG- 
CACATATAG -3'(sense) and universal primers provided in the 
TaKaRa One step PrimeScript miRNA cDNA Synthesis Kit(an- 
tisense); miR-122: 5'- TGGGGTGGAGTGTGAGAATGG - 
3 '(sense) and universal primers provided in TaKaRa One step 
PrimeScript miRNA cDNA Synthesis Kit (antisense); precursor 
miR-122: 5'-TTAGCAGAGCTGGGAGT-3' (sense) and 3'- 
GCCTAGCAGTAGCTATTT-3' (antisense). The levels of 
miRNA and mRNA expression were measured using the Gt 
(threshold cycle) method. The AACt method for relative quanti- 
fication of gene expression was used to determine the miRNA or 
mRNA expression levels. ACt was calculated by subtracting the Ct 
of U6 (for miRNA) or P-actin (for mRNA) RNA from the Ct of the 
miRNA or mRNA of interest. The AACt was calculated by 
subtracting the ACt of the reference sample (non-tumour liver 
tissue) from the AGt of each sample. The fold change was 
determined using the equation 2"'^'^*^'. 

Western blotting analyses 

Cells were harvested and lysed in 500 [il cell culture lysis 
reagent according to tlu' protocol provided by the manufacturer. 
Cell lysates were then clarified by centrifugation, and the protein 
concentration of each sample was determined using the BGA 
Protein Assay Kit. Standard western blotting procedures were 
performed. The primary antibodies used were as follows: mouse 
monoclonal anti-HBx, goat polyclonal anti-Gld2, and mouse 
monoclonal anti-P-actin. The secondary antibodies were goat anti- 
mouse IgG-HRP and donkey anti-goat. Antibody/ antigen com- 
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Figure 2. HBx does not reduce miR-1 22 in Kiepatic ceils via transcriptional regulation. (A) qRT-PCR assay for miR-1 22 in HBs-, HBc-, HBp-, or 
HBx-expressing cells. (B) qRT-PCR analysis for miR-122 in HBx-silenced HepG2.2.15. (C) qRT-PCR analysis for miR-122 in three different cell lines 
(QSG7701, HepG2, Huh7) transfected with pHBx at different doses and the corresponding controls. (D) Dual-luciferase assay of the miR-122 promoter 
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in QSG7701, HepG2, and Huh7 cells transfected with pHBx and controls. (E) qRT-PCR analysis for pre-miR-122 in HepG2 and HepG2.2.15 cells. (F) qRT- 
PCR analysis for pre-miR-122 in three different cell lines (QSG7701, HepG2, Huh7) transfected with pHBx at different doses and the corresponding 
controls. The data represent the mean ± SD. (*p<0.05, **p<0.01, ***p<0.001). 
doi:l 0.1 371/journal.pone.0092998.g002 



plexes were detected using the SuperSignal West Pico Chemilu- 
minescent Substrate. 

Dual-luciferase assay 

To study the effects of HBV, HBx, HBsAg, HBcAg, and HBp 
on miR-122 and GId2 promoter activity, the expression plasmids 
for these genes or pcDNA, miR-122, or Gld2 promoter-luciferase 
reporter plasmids and RenUla luciferase (RL) expression vector 
(PRL-TK) were mixed (4:0.5:0.1) and co-transfected into cells 
cultured in 6-well plates. The cells were split, and the FL/RL 
activities were measured 24 h after transfection using the Dual- 
Luciferase Assay Kit. 

Data analysis 

AU studies were performed in three separate experiments, where 
triplicate wells were transfected. Data analysis was performed 
using the two-tailed Student's t-test with pooled variance. The 
data are expressed as the mean ± SD. A P-value of <0.05 was 
considered significant. Statistical analysis was performed using 
SPSS 16.0 software. 

Results 

HBV decreases mature miR-122 level in various 
hepatocyte cell lines 

To investigate the efiect of HBV on miRNA expression, we 
performed a miRNA microarray to first survey and compare the 
miRNA profiles beUveen HepG2 cells and HepG2.2.15 cells. The 
microarray data were analysed using hierarchical clustering of the 
log2 value and are displayed as a heat map (Figure lA). Of the 615 
identified miRNAs, 62 miRNAs were up-regulated and 151 
miRNAs were down-regulated in the HepG2.2.15 compared to 
HepG2 cells. Among the down-regulated miRNAs, miR-122 was 
the most dramatically decreased miRNA (Figure IB). We further 
confirmed the reduction in miR-122 in HepG2.2.15 cells using 
qRT-PCR. These results demonstrated that the miR-122 level in 
HepG2.2.15 cells was dramatically lower compared to HepG2 
cells (p = 0.00001, Figure IC). Moreover, we also found that miR- 
122 was significantly down-regulated in pHBVl.S-transfected 
QSG7701 cells compared to controls (p = 0.032), and similar 
results were obtained when using other cell lines, such as HepG2 
(p = 0.0058) and Huh7 cells (p = 0.0046) (Figure ID). Expression of 
HBV in these cells was confirmed using PGR (Figure IE). Here, it 
was also confirmed that the miR-122 level was reduced in HBV- 
infected cells. 

HBx is critical for the HBV-induced reduction of miR-122 

We examined the effects of the four HBV proteins on miR-122 
by transfecting pHBs, pHBc, pHBp, and pHBx into HepG2 cells. 
After 72 h of transfection, miR-122 was detected using qRT-PCR. 
We found that only HBx could reduce miR-122 in hepatic cells 
(Figur(; 2A). To further confirm whether miR-122 reduction in 
HBV-infected cells was related to HBx, psiHBx was transfected 
into HepG2.2.15 to silence HBx. Interestingly, we found that the 
inhibitor of HBx could increase the level of miR-122 (p = 0.002, 
Figure 2B). A similar result was also observed in pHBVl.3- 
transfected HepG2 cells when HBx was silenced (data not shown). 
Furthermore, we transfected pHBx into QSG7701, HepG2, and 
Huh7 cells at different doses and in different cell lines for 72 h. 



qRT-PCR analysis was performed to detect miR-122 levels. As 
expected, HBx reduced miR-122 levels in all three cell lines in a 
dose-dependent manner (Figure 2C). Taken together, these results 
indicated that HBx, but not other HBV proteins, contributed to 
the reduction of miR-122 in HBV-infected cells. 

HBV and HBx have no negative effect on miR-122 
promoter activity and pre-miR-122 levels 

To further investigate the mechanism of HBV-mediated down- 
regulation of miR-122, we examined the effect of HBx on the 
activity of the miR-122 promoter. pl22-luc was co-transfected 
with pHBx into QSG7701, HepG2, and Huh7 cells individually, 
and the dual-luciferase assay was performed. Surprisingly, we 
found that miR-122 promoter activity was not reduced in HBx- 
expressing cells compared to controls (Figure 2D). Furthermore, 
real-time PGR results showed that the precursor miR-122 (pre- 
miR-122) levels in HBV-infected cells (Figure 2E) and HBx- 
expressing (Figure 2F) cells were also similar to controls. These 
results demonstrated that the down-regulation of miR-122 by 
HBV or HBx was not via transcriptional regulation and that other 
pathway(s) may exist. 

Gld2 is reduced by HBV and HBx is the only protein 

encoded by HBV to down-regulate Gld2 gene expression 

For the specific relationship between Gld2 and miR-122 
[21,22], real-time PGR and western blotting analyses were 
performed to detect Gld2 mRNA transcript and protein levels in 
HepG2 and HepG2.2.15 cells. Interestingly, we found that both 
Gld2 mRNA transcript (p = 0.0002) and protein levels were 
reduced in HepG2.2.15 cells compared with HepG2 cells 
(Figure 3A). To further confirm the inhibition of Gld2 induced 
by HBV, HepG2, QSG7701, and Huh7 cells were transfected 
with pHBVl.3. As expected, expression of HBV caused the down- 
regulation of Gld2 in all three cell lines (Figure 3B). Furthermore, 
pHBs, pHBc, pHBp, and pHBx were transfected into HepG2 
cells, and Gld2 was detected after 72 h. These results demon- 
strated that Gld2 mRNA and protein were reduced only in HBx- 
expressing cells (Figure 3C). Moreover, a reduction of Gld2 by 
HBx was observed in three different cell lines and occurred in a 
dose-dependent manner (Figure 3D). Moreover, we investigated 
the effects of HBx, HBc, HBp, and HBx on the Gld2 promoter 
activity in three different cell lines. These results showed that HBx 
was the only plasmid to reduce Gld2 promoter activity of the four 
HBV proteins (Figure 3E). In addition, inhibition of HBx in 
HepG2.2.15 cells increased the expression of Gld2 at both the 
mRNA (data not shown) and protein levels (Figure 3F). Next, we 
concluded that HBx, but not HBsAg, HBcAg, or HBp, reduced 
Gld2 expression in hepatic cells. 

Over-expression of Gld2 rescues the inhibition of miR- 

122 by HBV or HBx 

To determine whether the reduction of miR-122 in HBV- 
infected cells is via the down-regulation of Gld2, we transfected 
pGld2 into HepG2.2.15 and examined the relative miR-122 levels 
using real-time PGR. We found that transient expression of Gld2 
could increase miR-122 levels in HepG2.2.15 (p = 0.0003, 
Figure 4A). Moreover, pHBVl.3 and pHBx were transfected into 
Gld2 over-expressing HepG2 cells and over-expression of Gld2 
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Figure 3. Gld2 was reduced by HBV and HBx. (A) qRT-PCR and western blotting analysis for Gld2 in HepG2 and HepG2.2.15 cells. (B) qRT-PCR 
and western blotting analysis for Gld2 in three different cell lines after transient transfection with pHBVl.3 and the corresponding controls. (C) qRT- 
PCR and western blotting analysis for Gld2 in HBs-, HBc-, HBp-, and HBx-expressing HepG2 cells. (D) Western blotting and qRT-PCR analysis for Gld2 in 
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three different cell lines transfected with pHBx at different doses and the corresponding controls. (E) Dual-luciferase assay of Gld2 promoter activity in 
HBs-, HBc-, HBp-, and HBx-expressing cells and the corresponding controls. (F) Western blotting analysis for Gld2 in HepG2 and HepG2.2.1 5 cells with 
or without HBx inhibition. The data represent the mean ± SD. (*p<0.05, **p<0.01, ***p<0.001). 
doi:1 0.1 371 /journal.pone.0092998.g003 



reduced the negative efTect of HBV (Figure 4B) and HBx 
(Figure 4C) on miR-122. The miR-122 levels in HBV-infected 
cells with over-expression of Gld2 were about 0.71 -fold compared 
to the controls, while without over-expression of Gld2, the miR- 
122 levels of HBV-infected cells were 0.49-fold compared to the 
controls (Figure 4B); the miR-122 levels in HBx-expressing cells 



with over-expression of Gld2 were about 0.70-fold compared to 
the controls, while without over-expression of Gld2, the miR-122 
levels of HBx-expressing cells were 0.45-fold compared to the 
controls (Figure 4C). And, the decrease of HBV or HBx's effect on 
miR-122 induced by over-expression of Gld2 was statistically 
significant (p<0.0.5). Finally, we concluded that Gld2 was involved 
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Figure 4. Gld2 contributed to the reduction of miR-122 induced by HBV and HBx. (A) qRT-PCR and western blotting analysis for Gld2 
mRNA and miR-1 22 in HepG2.2.1 5 with over-expression of Gld2 and controls. (B) qRT-PCR analysis for miR-1 22 and western blotting analysis for Gld2 
in the HepG2 cells co-transfected with pGld2 and pHBVI.3 and the corresponding controls. # the average effects of HBV on the expression of miR- 
122 in HepG2 cells with or without over-expression of Gld2. (C) qRT-PCR analysis for miR-122 and western blotting analysis for Gld2 in HepG2 cells co- 
transfected with pGld2 and pHBx and the corresponding controls. # the average effects of HBx on the expression of miR-122 in HepG2 cells with or 
without over-expression of Gld2. The data represent the mean ± SD. (*p<0.05, **p<0.01, ***p<0.001). 
doi:1 0.1 371/journal.pone.0092998.g004 
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in the reduction of miR-122 in HBV-infected cells and HBx- 
expressing cells. 

Discussion 

In the present study, we explored the mechanism of down- 
regulation of miR-122 induced by HBV in vitro. First, we 
confirmed that the miR-122 levels in HepG2.2.15 (a derivative of 
stable HBV-expressing HepG2 cells) were significandy lower 
compared to HepG2 cells, which was consistent with the results 
previously reported by Wu et al. [18]. In addition, Meng et al. 
found that transfection with the HBV replication plasmid 
pHBVl.3 significandy decreased miR-122 levels in Huh-7 cells. 
Furthermore, HBV transgenic mice had lower miR-122 levels in 
the liver compared to BALB/c mice [17]. Using pHBVl.3, we 
confirmed the negative effect of HBV on miR-122 in three 
different cell lines. More importantly, we screened the four HBV 
proteins and identified the exact protein that reduced miR-122 
levels in hepatic cells; HBx was the most effective protein. In this 
study, we tried to design a siRNA expression vector (psiHBx) to 
silence HBx in HepG2.2. 15 cells. But in fact, the other proteins of 
HBV, even the HBV DNA in the supernatant of Cell Culture 
Medium, possessed of different inhibitor)' action (data not shown). 
The psiHBx might not specifically inhibit HBx, for the HBx gene 
overlaps with pregenomic RNA and HBsAg specific RNAs [25]. 
However, we presented the further evidence that expression of 
other proteins of HBV have no significant effect on miR-122 
(Figure 2A). Taken together, the results from our study and those 
of others support that HBV and HBx down-regulate miR-122 
levels in hepatic cells. However, the route that HBV takes to 
reduce miR-122 levels remains controversial. 

MicroRNA levels are related to transcription, processing, and 
turnover [26]. Two recent studies have provided two different 
explanations for the mechanism of miR-122 down-regulation. 
Meng et al. found that transfi-ction of pHBVl.3 in Huh? cells 
could increase miR-122 promoter activity and miR-122 primary 
transcription (pri-miR-122) rather than decreasing them, which 
indicated that HBV did not down-regulate miR-122 levels via the 
transcription pathway [17]. Although the results of Tong et al. 
indicated that HBx protein could reduce miR-122 promoter 
activity by binding to PPARy in both HepG2 and Huh7 cells [18], 
we found that the activities of the miR-122 promoter varied in 
different cell lines expressing HBx proteins (increased in HepG2 
and QSG7701 cells but non-significantly decreased in Huh7 cells. 
Fig. 2D). Despite these findings, pre-miR-122 in all of the three 
cells lines did not decrease when HBV or HBx was expressed. The 
selected promoter sequences of miR-122 were essentially the same 
as those of the previous two related studies. However, the difierent 
results might be due to the different experimental conditions and/ 
or different cell lines. In previous studies, HBx was found to inhibit 
the normal function of p53 [27] and p53 could inhibit the 
expression of hepatoi:yte nuc:lear factor 4a (HNF4a) [28], a key- 
regulator of miR-122 expression in the liver [24]. It may implicate 
that HBx could potentially affect miR-122 promoter activity 
indirectiy and these effects could change under different conditions 
and/or different cell lines. In the cell lines we used, HepG2 cells 
were found to express small amounts of wild type p53, whereas 
Huh7 cells were shown to express mutation p53 [29]. What's 
more, HNF4a was up-regulated in HBV-infected cells [17]. 
Though further evidence is needed, it may explain the increased 
miR-122 promoter activities in QSG7701 and HepG2 cells but 
not in Huh7 cells. Moreover, we also had the hypothesis that there 
might be some feedback signal to stimulate the miR-122 promoter 
when the miR-122 was reduced by HBx, for the positive or 



negative feedback control signal is often exist to maintain the 
normal levels of a special object in cells. In addition, HBx was 
found to down-regulate the Drosha which participate in processing 
pri-miRNA to release pre-miRNA [30]. It may explain the 
increased miR-122 promoter activities resulted in the similar pre- 
miR-122 levels. Thus, the relationship between HBx and miR-122 
may be more complicated than we have known. Since the 
transcription pathway cannot always explain the low miR-122 
levels in HBx-expressing cells, there must be other pathway(s) 
related to the down-regulation of miR-122 induced by HBx. 

Gld2 has been shown to have important effects on the stability 
of many miRNAs, including miR-122, via catalysed 3' mono- 
adenylation [21-23]. A decrease in Gld2 levels could cause a 
reduction in mature miR-122 levels but not pre-miR-122 levels 
[22]. Here, we found that HepG2.2.15 cells had lower Gld2 
mRNA and protein levels compared to HepG2 cells (Figure 3A), 
which suggested that the change in Gld2 was positively correlated 
with miR-122. Moreover, transfection of HBx in vitro also resulted 
in a reduction in Gld2 expression both at the mRNA and protein 
levels (Figure 3D). Furthermore, inhibition of HBx in HBV- 
infected cells could increase miR-122 and Gld2 levels (Figure 3F). 
In addition, the expression of Gld2 could abolish the reduction of 
miR-122 induced by HBV and HBx (Figure 4B, 4C). These 
findings indicated that down-regulation of mLR-122 by HBV or 
HBx might be due to a reduction in Gld2. However, when we 
transfected the pGld2 to over-expressing Gld2 in hepatic cells, the 
endogenous Gld2 was stiU the main parts of the total Gld2 (more 
tiian 60%, Figure 4B and 4C). Thus, tiie effect of HBV or HBx to 
endogenous Gld2 was hard to be covered up by the exogenous 
over-expression of Gld2 and it may be partly explain the Gld2 
over expression could not completely rescue the down-regulation 
effect of HBV infection and HBx expression to miR-122. Of 
course, other path ways to reduce the miR-122 by HBV cannot be 
denied. Furthermore, we found that the activity of the Gld2 
promoter was reduced in all three cell lines when the cells were 
transfected with HBx-expressing plasmids. A review has pointed 
out that HBx does not directiy bind DNA, and regulates 
transcription by direct interaction with nuclear transcription 
components or activation of cytosolic signal transduction pathways 
[25]. Hence, further studies are needed to investigate the precise 
transcription factor that induced the relationship between HBx 
and Gld2. Furthermore, HBx/Gld2/miR-122 may be one 
important pathway for hepatocarcinogenesis, representing a 
correlation between miR-122 and Kver cancer [6-9]. 

Interestingly, according to a study completed by D'Ambrogio et 
al., there are approximately 50 miRNAs that may be mono- 
adenylated by Gld2 [22] . Thus, HBx may affect other miRNAs via 
the down-regulation of Gld2 expression. In our study, four of five 
miRNAs (let-7i, let-7d, miR-145, miR-22, and miR-122), which 
are stabilised by Gld2 [22], were analysed in our miRNA 
microarray results. In addition, all of the miRNAs were down- 
regulated in HepG2.2.15 compared to HepG2 cells (data not 
shown). However, real-time PGR or northern blotting analyses 
should be performed to confirm these findings. In addition, 
information indicating that Gld2 may be an important factor for 
the effect of HBV on miRNAs is needed. There may be several 
regulatory mechanisms that coexist to regulate miR-122 levels in 
HBV-infected cells. 

Taken together, we found that Gld2 is down-regulated by HBx, 
which results in the reduction of miR-122 levels in HBV-infected 
cells. This process is post-transcriptionally regulated. Thus, this 
study provides a new mechanism to explain the effect of HBV on 
miRNA expression. 
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